Sex role reversal in 2 pipefish species, Syngnathus typhle and Nerophis ophidion, is potentially explained by females reproducing twice as fast as males. Moreover, in oceanic populations from the Swedish west coast, females compete for males with males preferring to mate with larger females. However, in a brackish Baltic population of S. typhle, males do not prefer larger mates, whereas choosiness remains in the local N. ophidion population. We explore whether this absence of male choice in brackish S. typhle can be explained by males and females having more similar potential reproductive rates here, whereas the sex difference may remain in the local N. ophidion population. Contrary to our expectations, in both species, females out-reproduced males by a factor of more than 2, just as in the oceanic populations. We measured this experimentally as the number of males a female potentially could fill with eggs within the time span of 1 male pregnancy, in relation to males available in nature. Thus, we conclude that sexual selection on females is as strong in brackish as in oceanic populations of both species but that targets of selection via male choice are shifted to traits other than body size in S. typhle. Hence, costs and benefits of choice are probably more important than potential reproductive rates to understand mate choice. We suggest that it may be misleading to use targets of sexual selection, such as choice for large body size, as an indicator of the strength of sexual selection.
INTRODUCTION
The strength of sexual selection is not linked in any direct, simple way to the evolution of sexually selected characters such as ornaments or display behaviors (Andersson 1994; GontardDanek and Moller 1999; Rodriguez et al. 2013; Soulsbury et al. 2014) . Moreover, measuring the strength of sexual selection is not straightforward either: various versions of parental investment, potential reproductive rates (PRR), operational sex ratios, Bateman gradients, opportunity for sexual selection, and more have been proposed (Jones 2009; Fritzsche and Arnqvist 2013; Fritzsche and Booksmythe 2013; Henshaw et al. 2016) . Still, any measure of the strength of sexual selection may well explain major patterns such as whether a species has conventional or reversed sex roles, but is less successful in understanding which traits that evolve and to what extent.
We have previously used PRR in 2 pipefish species (Berglund et al. 1989; Berglund and Rosenqvist 1990) to successfully explain their sex role reversal (sexual selection being stronger on females with females being the predominant competitors for mates) and also found a tight link between PRR and Bateman gradients as well as opportunity for sexual selection in these species (Jones et al. 1999 (Jones et al. , 2000a (Jones et al. , 2005 .
In the 2 species in question, the deep-snouted pipefish Syngnathus typhle and the straight-nose pipefish Nerophis ophidion, we found that female PRR exceeded male PRR with a factor close to 2 in the populations on the Swedish west coast at full oceanic salinity (Berglund et al. 1989) . In both species of these oceanic populations, males prefer to mate with larger females if given a choice (Berglund et al. 1986a; Berglund and Rosenqvist 2003; Berglund et al. 2005; Roth et al. 2014) . However, in the Baltic Sea population on Gotland of S. typhle, males no longer show any size-based preferences (Sundin et al. 2013) , whereas N. ophidion males still do (Sundin et al. 2016) . These Baltic populations live in brackish water with salinity 4-5 times lower than that at the west coast. For S. typhle, this is close to their distribution margin (Dawson 1986) , whereas N. ophidion is more tolerant to low salinity and extends its distribution range to the northernmost parts of the Baltic Sea with yet lower salinities (Haahtela 1974) . The west coast populations are ancestral to the Baltic, the present brackish Baltic being a relatively young sea. At both sites, pipefish primarily inhabit eelgrass meadows.
Despite the less than straightforward link between the strength of sexual selection and sexually selected characters, and despite the disagreements on how to measure the strength of sexual selection, we still predicted that the differences in size-related mate choice between oceanic and brackish populations might cause parallel changes in PRR differences between males and females. We therefore hypothesized that S. typhle males and females have more similar PRRs in the Baltic Sea, whereas N. ophidion still may exhibit a pattern similar to that on the west coast with females out-reproducing males. We tested this prediction in an experiment similar to the one reported in Berglund et al. (1989) , but conducted on the brackish Baltic Sea population off the island of Gotland, and then compared these new results with our results from the oceanic populations. We measured female PRR by providing individual females with a nonlimiting supply of males and checked how many males were filled during the course of an average male pregnancy. Male PRR depends on the number of eggs a male can accommodate on his body and on pregnancy length. Males can remate soon after giving birth (Berglund and Rosenqvist 1990) . We then compared this number with the number of males available in nature per female as determined from sex ratios in field samples.
METHODS

Catching and handling
We performed the experiment at Ar Research Station on the island of Gotland in the Baltic Sea, Sweden. We collected adult deep-snouted and straight-nose pipefish at Kyllaj on the east coast of Gotland (57°44′N, 18°57′E) in May 2012, before the onset of the breeding season. Fish were caught by trawling shallow eelgrass meadows (<10-m deep Zostera marina Linnaeus) with a beam trawl (mesh size 4 mm) pulled by a motorboat. We transported the pipefish to the laboratory in 30-L coolers with aerated seawater (transportation time around 20 min). Before the experiment, we kept the pipefish in 650-L flow-through holding tanks, equipped with air stones and artificial eelgrass for shelter, males and females separated. The water in the holding tanks was pumped directly from the sea and hence followed local conditions in terms of temperature and salinity during the holding period (May temperature: minimum-maximum: 5-12 °C; salinity: 6.7-7‰). We set the light cycle to 17:7 h light:dark (windows provided natural light in addition). We fed the fish 3 times a day with live and frozen mysid shrimps and Artemia sp., and cleaned the tanks daily.
We caught fish for sex ratio determination in a similar manner as described above in the years 2010-2014, just before the onset of the breeding season each year.
Experimental design
The experiment ran from 4 June to 2 August 2012. We placed 1 female of each species together with 3-5 conspecific males in each of 25 plastic barrels, each barrel holding 225 L (ø 0.59 m, height 0.82 m) of continuously renewed natural sea water. Temperatures increased from 11.5 °C at the beginning of the experiment to 18 °C at the end, and salinity varied between 6.7‰ and 6.9‰, both following natural conditions. Barrels were all aerated and equipped with artificial Zostera. In S. typhle, female average body length was initially 139.6 ± standard deviation (SD) 11.3 mm (N = 24) and male was 134.5 ± 11.4 mm (N = 75). In N. ophidion, females measured 204.1 ± 14.9 mm (N = 20) and males 144.2 ± 10.3 mm (N = 37-length could not be attributed to all mated males, the total being 44 males with eggs). Sizes reflect the natural size variation. Standard length was measured to the nearest mm using a measuring board. Only males and females that actually mated are included in these measurements (1 S. typhle female and 5 N. ophidion females failed to mate). We fed fish 3 times a day with live Artemia and frozen mysid shrimp. Every third day we checked each male for eggs. In S. typhle, the male's brooding pouch fills up gradually, so we also determined pouch fullness percentage, whereas a N. ophidion male mates only once per pregnancy and are thereafter no longer available for females. We ensured that females always had access to at least 200% empty male brooding pouch in S. typhle and that N. ophidion females had access to at least 2 unmated males at all times. We measured standard body length in all fish at the beginning and at the end of the experiment. We kept track of birth-giving in males, as pregnancy length in males is necessary for the PRR calculations: If a female can fill more males than are naturally available in nature during 1 pregnancy period, then female PRR exceeds that of males, and males constitute a limiting resource for females. When calculating pregnancy length, we assume that the first male to receive eggs is also the first to give birth. This experimental procedure closely follows the one reported in Berglund et al. (1989) .
Age was determined using gill covers (opercula) according to Le Cren (1947) , dissected from 21 S. typhle individuals (male) used in unrelated experiments (collected 2009-2011) . In short, the method consists of dissecting the opercula, gently flushing them with water and allowing them to dry before age is determined by counting the annual growth rings (Le Cren 1947). Standard length was measured to the nearest mm using a measuring board.
Statistical analysis
We calculated the average pregnancy length as the average for all males from the first recorded appearance of eggs until their disappearance or when we could clearly see that the males were about to give birth. In the latter case, we increased pregnancy length with 1 day from the day of observation. If a male's first copulation could not be attributed to a specific birth-giving, this data point was removed. This was often the case in N. ophidion males as their eggs often were partially scraped off, preventing us from determining male identity. The number of males a female could fill with eggs was then calculated as the number filled during the time span of an average pregnancy for the species in question. In a few cases, this time span stretched beyond the duration of the experiment, thus underestimating the potential number of males that female could top up. We consider this to have a minimal potential effect on our results as it can only cause an error on the conservative side. In a few barrels, no males received eggs-these replicates were removed as something most likely was wrong with the female in question (1 barrel in S. typhle and 5 barrels in N. ophidion). In S. typhle, a male can mate several times and fill his brood pouch to varying degrees, so we calculated the number of males a female could fill to capacity by summing up all proportions of brood pouches she filled. In N. ophidion, males only mate once with one female per pregnancy, so here the number of filled males was simply the number of males each female mated with. Sex ratios in nature were calculated in 2 ways: Either as the average of the sex ratio in each day's catch during all years (2010) (2011) (2012) (2013) (2014) or as the total number of males and females pooled over all days and years. Statistical tests employed Statistica 12 with 2-tailed significance levels.
Ethical approval
All applicable international, national, and institutional guidelines for the care and use of animals were followed (permit Dnr. S155-09, Swedish Board of Agriculture).
RESULTS
Average pregnancy length was 34.5 ± SD 2.9 days (N = 26) in S. typhle and 23 ± 1.2 days (N = 5) in N. ophidion. Part of this difference between the 2 species is due to the fact that N. ophidion started breeding later than S. typhle, at consequently higher water temperatures, which shorten pregnancy length. Part of the difference may also be species specific.
In both S. typhle and N. ophidion, a female filled on average slightly more than 2 males during the average male pregnancy length ( Table (Figure 1) . A sex ratio calculated by summing all males and females from all catches all years gives 660 males and 693 females in S. typhle, again not significantly different from equality (χ 2 = 0.4, P = 0.5). In N. ophidion, however, females outnumbered males (157 males and 267 females, χ 2 = 14.5, P < 0.001). The latter figure corresponds to only 0.6 males available per female. Obviously, the experimental females managed to fill many more than this (Table 1) .
In both species, fish were smaller in the brackish site than in the oceanic (Table 2) : A factorial Anova with site and sex as categorical factors revealed that in S. typhle, both sexes were smaller in the brackish site (F = 101, P < 0.0001), whereas males and females did not differ significantly in size (F = 3.42, P = 0.07), nor did site and sex interact (F = 0.8, P = 0.4). Also, in N. ophidion, fish were smaller in the brackish site (F = 339, P < 0.0001), but here males were smaller than females (F = 413, P < 0.0001), and the difference between the sexes was greater at the west coast (interaction site × sex, F = 24, P < 0.0001).
In S. typhle, the degree of pouch fullness did not depend on male body size (Figure 2) . In neither species did female body size correlate significantly with number of males filled (S. typhle: r = 0.15, N = 24, P = 0.5 and N. ophidion: r = 0.02, N = 20, P = 0.9). Small S. typhle females grew more than large ones (Figure 3) , and we found a similar tendency in N. ophidion females (r = −0.35, N = 20, P = 0.13).
There was no significant correlation between age, determined from gill cover readings, and size in S. typhle (Figure 4 ).
DISCUSSION
Our initial prediction, that PRR would be similar between brackish male and female S. typhle, whereas we expected N. ophidion females to out-reproduce males, was not supported. Instead, sexual differences in PRR were similar in brackish and oceanic populations of both species. In both species, females out-reproduced males by a factor close to 2, whether they came from oceanic or brackish populations. However, in S. typhle, male choice for larger females is present only in the oceanic population (Berglund et al. 1986a; Berglund and Rosenqvist 2003) , but absent in the brackish (Sundin et al. 2013 ). This study therefore shows that male mate choice is affected by something other than PRR. This measure of the strength of sexual selection therefore fails in predicting choice in the brackish population of this species. It is doubtful if another measure of the strength of sexual selection would be a more successful predictor: At least in the oceanic population PRR, Bateman gradients and intensity of sexual selection all tell the same story in S. typhle (Jones et al. 1999 (Jones et al. , 2000a (Jones et al. , 2000b (Jones et al. , 2005 .
Both pipefish species had similar PRR differences between the sexes (Figure 1 ), females being faster reproducers than males. This is unlikely to be due to a shared ancestry: First, we do not expect PRR to be a phylogenetically conserved trait, but rather to respond rapidly to environmental conditions (e.g., Forsgren et al. 2004) . 
Syngnathus typhle
Nerophis ophidion Figure 1 The average number of males a female could fill within the time span of a male pregnancy, a measure of the differences in potential reproductive between the sexes. Bars represent 95% confidence intervals. Inserted: pregnant males of the 2 species.
Second, S. typhle is a tail brooder and N. ophidion is a trunk brooder, each belonging to the 2 most ancient separate branches of the syngnathid phylogenetic tree (Hamilton 2017 ).
Had we not known that PRR differences between the sexes remained in brackish water it would have been tempting to conclude that sexual selection was weaker in brackish than in oceanic waters, as male choice for larger females was absent in the former but present in the latter. Overall, it is common to infer things about the strength of sexual selection from observations over mating competition, mate choice, mating displays, ornamentation, or sexual dimorphism. Our results show that this can be a mistake: Our measure of the strength of sexual selection did not predict changes in mate choice in S. typhle males. Instead, we argue that costs and benefits, rather than the strength of sexual selection itself, may better explain the differences in choosiness between oceanic and brackish populations of S. typhle, while perhaps also explaining why N. ophidion is unaffected.
In oceanic populations of S. typhle male as well as female body size is positively correlated to both number and size of eggs (Berglund et al. 1986a (Berglund et al. , 1986b , and the same is true in the brackish population (Cunha M, personal communication). Judging from the typically bimodal size-frequency plots in oceanic field samples age and size is positively correlated (Berglund and Rosenqvist 1990) . This is not the same in the brackish population because we found no significant correlation between age and size in S. typhle (Figure 4) . Moreover, size-frequency plots are not bimodal in this population ( Figure 5 ). In addition, the rapid growth of small females (Figure 3 ) further counteracts any positive size-age relationships. Furthermore, male size did The distribution of body length in Baltic Syngnathus typhle did not differ significantly from a normal unimodal distribution. not correlate with pouch fullness (Figure 2 ). Lastly, larger females did not fill more males than smaller females. The fact that larger brackish females carry more eggs than smaller females probably constitute no fitness benefit for a male: If he gets too few eggs from the first female, he mates with he can always top up his brood pouch in subsequent matings. However, larger females also carry larger eggs.
In the oceanic population, males benefit directly by receiving such larger eggs: Larger eggs give rise to larger offspring (Ahnesjö 1992a (Ahnesjö , 1992b , and larger offspring are better than smaller individuals at wriggling loose from their main predator in the eelgrass meadows, the sea anemone Sagartiogeton viduatus (Vincent et al. 1995; Sandvik et al. 2000) . This sea anemone is completely absent in the brackish site, as it cannot tolerate the low salinity there. Therefore, the benefits for S. typhle males from choosing larger females seem largely absent in the brackish population, whereas it is pronounced in the oceanic (Berglund et al. 1986a; Berglund 1991; Berglund and Rosenqvist 1993; Berglund et al. 2006) . The reason for the absent size-age relationship in the brackish S. typhle population is possibly salinity stress-it is well known that many basically oceanic fish species suffer a reduced growth in the Baltic Sea (Mackenzie et al. 2007) , and this is also true in S. typhle: Baltic Sea individuals are smaller than those from the Swedish west coast (Table 2 ; Sundin et al. 2015) . The thwarted growth and the resulting absent size-age relationship may be enough to explain the disappearance of male choice for large females in the brackish population of this species, and most likely male choice is redirected to other traits in females.
In the oceanic population of S. typhle, female condition and fecundity is correlated to their display of a temporary ornament, black stripes along their bodies (Berglund et al. 1997; Bernet et al. 1998; Berglund 2000; Berglund and Rosenqvist 2009) , and this display is also apparent in brackish females (Sundin et al. 2015) . Judging from the marked differences in PRR between brackish males and females, males should still be under a substantial selection for finding high quality females, and females should still be under sexual selection to signal their quality. Hence, male choice most likely focuses on ornamentation rather than body size in brackish S. typhle females. Alternatively, the PRR difference in the Baltic population may simply be a remnant from their oceanic ancestors, with no particular choice target any longer.
The same is not quite true in N. ophidion. Most likely salinity stress is less severe in this species than in S. typhle, as N. ophidion is far from its border of distribution around Gotland. In fact, N. ophidion extends all the way to the northernmost part of the Baltic Sea, the Gulf of Bothnia bay (salinity around 3-4‰; Haahtela 1974; Feistel et al. 2010) , whereas S. typhle only reaches a bit further north from our Gotland population (the Åland sea, salinity around 5-6‰; Dawson 1986; Feistel et al. 2010) . Nerophis ophidion can occasionally even enter fresh water (Kuiter 2009 ). Even so, growth also seems reduced in N. ophidion in brackish waters (Table 2 ; Sundin et al. 2016 ). Moreover, in N. ophidion, female body size is also correlated to egg numbers in brackish populations (Sundin et al. 2016) , and as males in this species only mate with 1 female, choosing a larger female directly influences a male's offspring number. By contrast, in S. typhle, a male can always mate more times if his brood pouch is not filled by his first female.
In conclusion, we here show that in the brackish populations on Gotland of S. typhle and N. ophidion female, PRR is more than twice that of males. This was also the case in the oceanic populations of both species on the Swedish west coast. However, in S. typhle male choice for larger females, prevalent in oceanic waters, is absent in brackish waters. This contrasts to the case in N. ophidion where males prefer larger females at both sites. Thus, PRR fails to explain these choice changes in S. typhle males, and we suggest that costs and benefits associated with choice, rather than the strength of sexual selection itself, explain these changes in mate choice patterns. In the Baltic Sea, at their range limit, male S. typhle simply may not enjoy any fitness benefits by mating with larger females, in contrast to the case on the Swedish west coast. In N. ophidion, males enjoy such benefits at both sites. Thus, in Baltic S. typhle, we suggest that sexual selection acts on targets other than body size. Finally, we argue that using targets of sexual selection, like choice for larger mates, as an indicator of the strength of sexual selection can be misleading. Instead, understanding specific cost and benefits associated with such targets are vital to understand their evolution.
FUNDING
This work was supported by the Swedish and Norwegian Research Councils (AB Dnr 621-2007-5191, GR 186163/V40, and 223257 through its Centres of Excellence funding scheme) and Zoologiska stiftelsen and Inez Johanssons stiftelse (J.S.).
